Background and Objectives: Diffuse long coronary artery disease (DLCAD) still has unfavorable clinical outcomes after successful percutaneous coronary intervention (PCI). Therefore, we aimed to evaluate the effectiveness and safety of Resolute™ zotarolimuseluting stent (R-ZES; Resolute™ Integrity) for patients with DLCAD. Methods: From December 2011 to December 2014, 1,011 patients who underwent PCI using R-ZES for CAD with longer than 25 mm lesion were prospectively enrolled from 21 hospitals in Korea. We assessed the clinical outcome of major adverse cardiac events (MACE) defined 
INTRODUCTION
With the gradual development of new drug-eluting stent (DES) and medical treatments in patients with coronary artery disease (CAD), there have been significant improvements in restenosis and clinical outcomes after stent implantation. However, high restenosis rate and poor prognosis are still reported in patients with diffuse long coronary artery disease (DLCAD) in the era of DES as well as in the era of bare metal stent (BMS).
1)-3)
The Resolute™ zotarolimus-eluting stent (R-ZES; Resolute™ Integrity; Medtronic Inc., Santa Rosa, CA, USA) is a zotarolimus-eluting system with Integrity™ cobalt alloy stent platform that further enhances the flexibility and deliverability of the stent in complex lesions by incorporation of a continuous sinusoidal design and with a new BioLinx™ polymer that allows a slower drug elution, therefore, might be expected to improve clinical outcomes compared to other DES. Some available data have shown the clinical efficacy and safety of R-ZES for treatment of CAD.
4)-7)
However, there have been a little data for the effectiveness and safety of R-ZES (Resolute™ Integrity) in patients with DLCAD. Therefore, the purpose of this study is to determine the effectiveness and safety of R-ZES in patients with DLCAD, a particularly long lesion ≥25 mm.
METHODS

Study design and patient population
We designed a multicenter, prospective, and observational study to assess the clinical outcomes in patients with DLCAD who underwent successful PCI using R-ZES (mainly Resolute™ Integrity) from 21 large-volume percutaneous coronary intervention (PCI) centers in Korea.
The selection and exclusion criteria of the subjects were as follows. The inclusion criteria for our study were at least 18 years old patients with CAD, those eligible for PCI with lesions suitable for R-ZES implantation, presence of one or more de novo stenosis ≥70% in a native 710 https://e-kcj.org https://doi.org/10.4070/kcj.2019.0018
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coronary artery from 2.25 to 4.0 mm in diameter with more than 25mm length that can be covered with one or multiple stents with no limitation to the number of treated lesions or number of treated vessels. In principle, we initially implanted Resolute™ Integrity in all patients and allowed limited use of other stents only if Resolute™ Integrity was not available for additional stenting.
The exclusion criteria were patents with previous other type of DES or BMS implantation in target vessel, chronic renal failure (serum creatinine >2.0 mg/dL), severe hepatic impairment (serum alanine and aspartate aminotransferase ≥3 times the upper limit of normal), hypersensitivity or contraindication to antiplatelet agents, active bleeding or significant risk of bleeding or life expectancy <12 months. We had also excluded the patients with cardiogenic shock, left main disease (≥50% stenosis), and saphenous vein graft lesion.
The baseline data including clinical, procedural, and lesional characteristics and in-hospital medications were obtained by electronic medical record reviews. Patients were followed at 1, 6, and 12 months after index procedure. The clinical outcome data were collected by a specialized study coordinator at each center using web-based electronic case report form. The outcome data of the patients who had not been followed-up were confirmed by telephone interviews. The study protocol was approved by the local Institutional Review Board. The approval number was 2011-184 of Chonnam National University Hospital, and all patients provided written informed consent for participation before or after PCI.
Procedure and post-intervention medications
PCI with R-ZES was performed in a routine manner without limitation on the use of single or multiple overlapping stent technique. The appropriate length and diameter of the R-ZES ensuring complete coverage of the lesion was chosen by the operator's visual estimate. The vascular access, pre-dilatation or post-dilatation, use of intravascular ultrasound (IVUS) and peri-procedural anti-thrombotic therapies were freely determined based on the patient status according to the clinical decision of operators in each institutes. Anti-platelet agents were administered to all patients prior to the intervention, with aspirin 300 mg and clopidogrel 300-600 mg, prasugrel 60 mg or ticagrelor 180 mg. After the intervention, the patients received aspirin 100 mg once daily indefinitely and clopidogrel 75 mg once daily, prasugrel 5-10 mg once daily or ticagrelor 90 mg twice daily for at least 1 year. Other medical treatments were also administered based on the standard treatment regimen for patients with CAD in a non-restrictive manner.
Study end-points
The primary end-point was the occurrence of a major adverse cardiac events (MACE), defined as the composite of cardiac death, non-fatal myocardial infarction (MI), definite stent thrombosis (ST), and clinically-driven target vessel revascularization (TVR) at 12-month follow-up. The secondary endpoints included cerebrovascular accident (CVA), clinically-driven target lesion revascularization (TLR), the need for rehospitalization due to recurrent ischemia, and the Thrombolysis In Myocardial Infarction (TIMI) defined major or minor bleeding at 12-month follow-up. MI was defined as the third universal definition of myocardial infarction. A nonfatal myocardial infarction was defined as a MI event requiring hospitalization unrelated to death, however, periprocedural MI was excluded in this study. Clinically-driven TVR was defined as revascularization performed on the treated lesion or vessel of a patient who complained of clinical symptoms such as chest pain that had increased in frequency, duration, or intensity.
Statistical analyses
Categorical variables were expressed as frequencies and percentages, and continuous variables as mean±standard deviation. 
RESULTS
Baseline characteristics
From December 2011 to December 2014, we prospectively recruited 1,034 patients who underwent PCI using R-ZES for CAD with long lesion (≥25 mm) from 21 hospitals in Korea. Of these, a total of 1,011 patients were analyzed, except for 23 patients with inadequate registration or withdrawal of permission.
Baseline clinical, procedural, and lesional characteristics are presented in 1,303 (88.6) The data are presented as number (%) or mean±standard deviation. ACC/AHA = American College of Cardiology/American Heart Association; MI = myocardial infarction; PCI = percutaneous coronary intervention; ST = stent thrombosis; TIMI = thrombolysis in myocardial infarction. 
Clinical outcomes
A 12-month clinical follow-up was available in 1,004 patients (99.3%). The cumulative incidences of clinical events during follow-up are summarized in Table 2 .
During the 12-month period, definite ST occurred in only 3 patients, including 1 with acute ST at 1 day and 2 with late ST at 70 and 322 days on dual antiplatelet treatments. The incidences of cumulative TVR and MACE at 12-month were 1.7% and 3.0% respectively.
On multivariate Cox-regression analysis, multiple overlapping stents implantation, previous congestive heart failure, MVD and patients with age ≥75 years were independent predictors of 1-year MACE (hazard ratio [HR] 
Subgroup analysis
Subgroup analyses were performed according to parameters of gender, DM, presentation with AMI, post-dilatation after stenting or not, use of IVUS, and multiple overlapping stents implantation. Kaplan-Meier cumulative event curves showed no statistically significant differences in the incidence of MACE between males and females (2.4% vs. 2.9%, p=0.660), between patients with and without DM (3.9% vs. 1.9%, p=0.067), between those who presented with AMI and angina (2.2% vs. 3.0%, p=0.399) , between patients with and without post-dilatation (3.5% vs. 2.0%, p=0.150) , and between patients with IVUS and no IVUS (2.9% vs. 2.4%, p=0.592), however, significantly different between single stent and multiple overlapping stents implantation (1.5% vs. 7.1%, p<0.001) (Figure 1 
DISCUSSION
This is a first study to assess 1-year clinical outcomes in patients with DLCAD receiving R-ZES (mainly Resolute™ Integrity) from a large-scale, prospective, and real world-registry in Korea. A total of 1,011 patients with 1,472 lesions were enrolled and analyzed. In our results, the incidence of TVR and MACE were relatively low and that of definite ST was rare at 12-month follow up. Therefore, our study demonstrated that R-ZES has an excellent 1-year clinical outcome in Korean patients with DLCAD. Cumulative incidence of MACE (%) The R-ZES has been reported to have excellent long-term efficacy and safety outcomes in various studies. The RESOLUTE Global Clinical Trial Program included 7,618 patients treated with R-ZES reported that the 5-year cumulative incidence of target lesion failure (TLF defined as a composite of cardiac death, MI or clinically-driven TLR) was 13.4% and definite or probable ST was 1.2%. 8) These excellent results are comparable to those of other second-generation DES. The data of RESOLUTE-Korea registry showed that the TLF of R-ZES was 2.9% at l-year follow-up and similar with that of everolimus-eluting stent (EES).
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9) R-ZES had lower incidences of TLR and ST, and showed comparable one-year safety and efficacy compared with EES. A report from the RESOLUTE All-Comer Trial demonstrated similar safety and efficacy between R-ZES and EES throughout 4 years. The rates of TLF (15.2% vs. 14.6%, p=0.68), clinically-indicated TLR (7.0% vs. 6.5%, p=0.62), and definite/probable ST (2.3% vs. 1.6%, p=0.23) were similar with the R-ZES and EES at 4 year. 10) 716 https://e-kcj.org https://doi.org/10.4070/kcj.2019.0018 Compared with the biodegradable polymer biolimus-eluting stent (BES), the durablepolymer R-ZES also had similar in 3-year safety and efficacy clinical outcomes, including ST. MACE occurred in 8.6% assigned to the durable-polymer R-ZES and in 9.6% assigned to the biodegradable-polymer BES (p=0.36). TLR (5.4% vs. 5.5%) and definite very late ST (0.4% vs. 0.7%) did not differ significantly between the 2 groups.
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11)
Recently, novel biodegradable polymer stents with thinner strut, flexible designs and refined coatings have been available compared to the early biodegradable polymer stent. The thin strut durable polymer R-ZES were also non-inferior to very thin strut biodegradable polymer everolimus-eluting (Synergy™, Boston Scientific, Natick, MA, USA) or sirolimus-eluting stents (SES; Orsiro, Biotronik, Bulach, Switzerland) in treating complex all-comers with a high proportion of patients with acute coronary syndromes. The incidence of target vessel failure (TVF) was about 5% in all 3 groups at 12-month follow-up.
12)
The length of coronary artery lesion or stent has been well-known as predictors of restenosis and poor clinical outcomes after PCI in the first-generation DES era as well as in the BMS era.
2)13)14) However, some data have reported that the second-generation DES, especially such as R-ZES, is relatively safe and effective for diffuse long lesions.
In the RESOLUTE 38-mm sub-study, the 38-mm length of the R-ZES had a low rate of TLF (5.4%) and ST (0.9%). 15) Prospective study to evaluate safety and efficacy of Zotarolimus Eluting Stent (PSEZES) trial reported that the incidence of TLF was 6.36% and binary restenosis was 7.5% in R-ZES for patients with long coronary artery lesions (>20 mm). 16) LONG-DES IV trial showed that R-ZES implantation had similar angiographic and clinical outcomes as compared with the first-generation SES implantation for patients with de novo long CAD. 17) However, other study presented that R-ZES had a superior long-term safety than SES, with a similar clinical efficacy for treating long coronary lesions at 3-year follow-up. The cumulative TLR rate was similar between 2 groups (4.6% vs. 4.6%, p=0.911), however, the occurrence of target lesion-related definite ST was significantly lower in R-ZES than in SES (0.0% vs. 2.0%, p=0.028).
18)
A study comparing between R-ZES (Resolute™ Integrity) and X-EES (Xience Xpedition™) used single stent length of more than 30 mm for long CAD showed no significant betweengroup differences in the rate of adverse clinical events. The incidence of TLF was 5% in R-ZES and 4% in X-EES groups (HR, 1.25, 95% CI, p=0.19) . 19) While most studies on R-ZES for DLCAD were small-scale studies, our study seems to be more meaningful because it is a relatively large-scale and prospective study. Our study reported that the incidence of MACE was 3.0% and that of definite ST was 0.3% at 12-month follow-up. In our study, the incidence of MACE appeared to be comparable or somewhat lower compared with that in other studies for DLCAD. We have not performed routine followup angiography and any stress test, but have evaluated only the clinically-driven TVR during follow-up periods. That is why we could not actually evaluate the binary stenosis or a silent ischemia. Therefore, it is possible that our results were assessed lower than actual. However, most of all (99.3%) have clearly completed a 12-month clinical follow-up in our study. In conclusion, as with other studies, R-ZES was actually safe and effective in our study. The good clinical outcomes of R-ZES did not differ according to gender, the presence of DM, and the diagnosis of AMI. 
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Also, post-dilatation or use of IVUS could not affect the clinical outcomes of patients with DLCAD in our study. These procedures were performed by the choice of the operator and were more likely to be used in more complex lesions, so selection bias could not be ruled out. Therefore, a large randomized trial should be needed to assess the impact of post-dilatation or IVUS for patients with DLCAD.
However, multiple overlapping stents implantation was different from single stent implantation in clinical outcomes and was still a predictor of MACE in patients with DLCAD. DES overlap has been well-known to be associated with impaired angiographic and long-term clinical outcome, including death or periprocedural MI. 20)-22) However, the second-generation DES overlap seems to be much better than the first-generation DES overlap. The porcine model study showed that BES appears to be reliable on the inflammatory response at overlapping segments as well as non-overlapping segments. 23) One retrospective study reported that the stent overlap with EES versus the first-generation DES was associated with lower rates of MACE and ST. 24) The study for full metal jacket with ZES for DLCAD showed that the incidence of MACE and clinically-driven TLR were 11.7% and 5.0% at 3 year follow-up. 25) Despite improvements in the second-generation DES era, DES overlap was still associated with high incidence of TVF and poor clinical outcomes. Therefore, we should make efforts to improve the clinical outcomes in patients with multiple overlapping DES for DLCAD.
Our study has several limitations. First, our study was not a randomized, comparative trial but based on a prospective, observational registry, even though our study enrolled a relatively large number of patients. Therefore, we could not evaluate the effect of R-ZES compared with that of other second-generation DES in patients with DLCAD. In addition, selection bias was hardly avoidable in the post hoc sub-group analysis of our study. Second, we could not evaluate quantitative angiographic outcomes, but only evaluated clinical outcomes. Therefore, we could not evaluate the angiographic pattern of in-stent restenosis between overlapping and nonoverlapping segments of R-ZES. Third, Resolute™ integrity was used over 90% in our study. However, with additional stenting, other DES or BMS was inevitably used at around 0.6%. Nevertheless, other DES or BMS had nothing to do with the clinical outcomes.
In conclusion, our study shows that R-ZES implantation was safe and effective at 1-year follow-up in Korean patients with DLCAD. These effectiveness and safety of R-ZES were consistent for patients with DLCAD, regardless of gender, the presence of DM, and presented with AMI. However, it still seems to be necessary to improve the clinical outcome of multiple overlapping R-ZES in patients with DLCAD.
